Background -The role of lower respiratory tract illnesses (LRIs) in the development of allergies is not well understood. The relation of wheezing and non-wheezing LRIs to serum IgE levels and atopy was studied in 888 children. Methods -Total serum IgE levels were measured at birth, nine months and six years of age; and interferon gamma production by blood mononuclear cells was measured at birth and nine months. Atopy was determined by skin prick tests at age six. Wheezing and non-wheezing LRIs up to age three were diagnosed by a physician. Results -Cord serum IgE levels were similar between all LRI groups and the no LRI group. Children who had wheezing LRIs until the age ofthree had IgE levels at nine months and at six years within normal ranges for age. In contrast, children who had a non-wheezing LRI before the nine month IgE sample had lower IgE levels at nine months and six years (geometric mean 1-8 IU/ml and 9 9 IU/ml, respectively) compared with children who had no LRIs (3.9 IU/ml and 38-3 IU/ml, respectively). Children who had non-wheezing LRIs after the nine month IgE sample had normal nine month IgE levels (3.2 IU/ ml) but decreased IgE levels at six years of age (15 7 IUiml). Children with more than one non-wheezing LRI before the age of three were less likely to be atopic than those with no LRI (odds radio 0.2). Interferon gamma production was higher in the non-wheezing LRI group at nine months than in the no LRI or wheezing LRI groups. Conclusions -Non-wheezing LRIs are associated with subsequent depression ofIgE levels and reduced skin test reactivity.
Abstract
Background -The role of lower respiratory tract illnesses (LRIs) in the development of allergies is not well understood. The relation of wheezing and non-wheezing LRIs to serum IgE levels and atopy was studied in 888 children. Methods -Total serum IgE levels were measured at birth, nine months and six years of age; and interferon gamma production by blood mononuclear cells was measured at birth and nine months. Atopy was determined by skin prick tests at age six. Wheezing and non-wheezing LRIs up to age three were diagnosed by a physician. Results -Cord serum IgE levels were similar between all LRI groups and the no LRI group. Children who had wheezing LRIs until the age ofthree had IgE levels at nine months and at six years within normal ranges for age. In contrast, children who had a non-wheezing LRI before the nine month IgE sample had lower IgE levels at nine months and six years (geometric mean 1-8 IU/ml and 9 9 IU/ml, respectively) compared with children who had no LRIs (3.9 IU/ml and 38-3 IU/ml, respectively). Children who had non-wheezing LRIs after the nine month IgE sample had normal nine month IgE levels (3.2 IU/ ml) but decreased IgE levels at six years of age (15 7 IUiml). Children with more than one non-wheezing LRI before the age of three were less likely to be atopic than those with no LRI (odds radio 0.2). Interferon gamma production was higher in the non-wheezing LRI group at nine months than in the no LRI or wheezing LRI groups. Conclusions -Non-wheezing LRIs are associated with subsequent depression ofIgE levels and reduced skin test reactivity. The role of respiratory tract infections in the development of allergies is not well understood. For many years the hypothesis that these infections could play a part in enhancing allergic sensitisation had many supporters. Frick and coworkers reported that allergic symptoms seemed to start immediately after viral infections in children of two allergic parents.'
More recent epidemiological studies have challenged this concept. In a large cohort study in the UK Strachan observed a striking inverse relationship between prevalence of allergic rhinitis and the number of older siblings in the household, but no association between allergic rhinitis and the number of younger siblings. 2 The author suggested that the presence of older siblings could be associated with more viral infections in early life, and that these could somehow prevent allergic sensitisation. Von Mutius and coworkers reported an inverse relationship between the number of siblings in the household and the prevalence of at least one positive skin test to allergens in over 7000 children from East and West Germany. who remained under the care of the paediatricians. Of these children, 51% were girls, and 75% were non-Hispanic white subjects, 14% were Hispanic, and 11% had a multiethnic background.
A comparison of the children who were eligible for this study (that is, who had completed three year follow up data for lower respiratory illness, n = 888) with those who were not (n = 358) showed that family history of asthma and allergies and ethnic distribution were similar in the two groups. The only significant difference noted was that children with complete data were more likely to belong to families with higher levels of maternal education.
Reports by the paediatricians at the time of the acute illnesses were used to classify LRIs as wheezing or non-wheezing; wheezing information was missing for 13 children and they were subsequently excluded from the analyses. For clinical characterisation of the LRIs with reference to fever, duration, agent and diagnosis, the first LRI for each child in each year was independently categorised as wheezing or non-wheezing. For other analyses the children were categorised into wheezing or non-wheezing LRI groups based on the LRI history before the age of three years. In addition, to examine the effect of wheezing LRI and non-wheezing LRI on nine month IgE levels, the occurrence of the first LRI before or after the sampling date of the nine month IgE sample was determined. For both categories, those children who had both wheezing LRI and non-wheezing LRIs were included in the wheezing LRI group.
TOTAL SERUM IGE LEVELS
Total serum IgE levels were measured in 792 umbilical cord blood samples. A second sample was obtained from 704 subjects at a well baby check-up at a median age of 9*3 months, range 6-8-28-8 months ("nine month" sample).
Since IgE levels increase rapidly during this time period, IgE values were adjusted for age using standard regression techniques.8 A third blood sample was obtained at a median age of 6-3 years, range 4-4-9'8 years, ("six year" survey). Some children refused phlebotomy at this age and 456 children were tested. Total serum IgE levels were assayed in the cord, nine month and six year blood samples by the same Phaedebas radioimmunosorbent test (PRIST) using commercially available kits (Pharmacia Diagnostics, Piscataway, NJ, USA) as previously reported.8 All samples were assayed in duplicate and results expressed in IU/ml. After February 1983 studies of mononuclear cell function were added to the protocols and all 296 infants subsequently enrolled were eligible. Blood mononuclear cell samples were collected at birth and at the nine month check-up (data used herein were limited to those from samples collected in the first year). Of the infants with complete three year LRI follow up information and complete wheezing information (n = 875), 43 had cord blood and 92 had nine month IFN,y studies.
The main factors determining exclusion from the studies of IFN production were parental refusal to give consent for phlebotomy; the feasibility of transporting the samples from the outpatient offices to the laboratory; and the timely availability of trained personnel to perform the analyses. In addition, technical factors such as the amount ofblood available prevented the assessment of IFNy production in a small number of subjects.
IFNy production by blood mononuclear cells Blood was collected in heparin (5 iil/ml) and processed within 12 hours of collection. Blood was layered on Lymphocyte Separation Medium (Litton Bionetics, Kensington, MD, USA) after diluting 1:2 with RPMI-1640 medium.9 The cells at the blood/medium interface were collected, washed twice with Ca2 +-free and Mg2"-free phosphate buffered saline, and resuspended in RPMI-1640 medium. A haemocytometer total cell count and chamber differential were performed to estimate the percentage of mononuclear cells.
Immediately after cell separation, 106 blood mononuclear cells were incubated in 1 ml aliquots of RPMI-1640 medium supplemented with 5% heat inactivated fetal calf serum, 300,g/ml glutamine, 220,g/ml pyruvic acid, and 50 gsg/ml gentamicin at 37°C in a 5% CO2 air atmosphere. Cells were stimulated with 10 pg/ml concanavalin A (ConA; Pharmacia, Piscataway, NJ, USA) and 10 had more than one non-wheezing LRI had a geometric mean IgE level at age six that was more than three times lower than those who had no LRIs or who had wheezing LRIs (table  2) . IgE levels of children who had both wheezing LRIs and non-wheezing LRIs were not significantly different from those who had only wheezing LRIs. As indicated earlier, children who had both wheezing LRIs and non-wheezing LRIs were placed in the wheezing LRI group for these analyses.
Children with more than one non-wheezing LRI were significantly less likely to be skin test positive for local aeroallergens than those with no LRI history (odds ratio 0-2, 95% confidence interval 01 to 1-0, p<O05; table 2).
There was no significant difference in par-RI ental history of asthma between children who
El~had non-wheezing LRIs or wheezing LRIs After (24% and 29%, respectively), although both gE LRI groups had a significantly greater frequency of parental asthma history than the of children who had no LRIs (18%). Fure) had thermore, the pattern of decreased IgE levels before associated with non-wheezing LRIs was similar ). The for children with or without a parental history ng LRI of asthma. Production of IFNy by peripheral blood mononuclear cells collected at the age of nine months was significantly higher among children I a non-who had non-wheezing LRIs than among either ith IgE children who had no LRIs or those who had had no wheezing LRIs (p<0 05; table 3). IFNy proore that duction by blood mononuclear cells obtained 'hildren at birth tended to show a similar relation to Table 2 Relation of IgE levels and atopy at the age of six to wheezing or non-wheezing LRI history up to three years of age group LRIs, but because the differences did not reach statistical significance no definite conclusion could be reached concerning cord blood cell IFNy values (table 3) .
Discussion
In this study we assessed the number and characteristics of the lower respiratory illnesses occurring during the first three years of life. In this regard, it should be noted that our objective was not to study the incidence of all respiratory infections during early life. Children who had non-wheezing LRIs early in life had significantly lower IgE levels at nine months and at six years than children who had wheezing LRIs or children who had no LRIs. Our data suggest the possibility that the lower nine month IgE levels observed in subjects who had non-wheezing LRIs may have been triggered by the non-wheezing LRI itself. This is supported by the fact that serum IgE levels were not decreased in those children sampled before any non-wheezing LRI developed; only in children whose LRIs occurred before sampling were serum IgE levels significantly lower than those of children with no LRIs. We hypothesise that, in children with non-wheezing LRIs, the immune response to the virus produces specific, persistent selection of Thl-like T helper clones. Development of such Thl subsets is probably important because many viruses are more effectively controlled by a predominant Thl-type immune response."4
The Thl-type cell is also a potent inhibitor of the proliferation of Th2 clones.'5 It is conceivable that the cytokines produced during the immune response to viruses might influence responses to other antigens being simultaneously encountered. The increased capacity ofmitogen stimulated blood mononuclear cells to produce IFNy among children with non-wheezing LRIs supports the possibility that non-wheezing LRIs provide a non-antigenspecific influence in the Thl direction.
Our data do not offer a direct explanation for the observed differences in subsequent IgE levels between children who had wheezing LRIs or non-wheezing LRIs. Infectious agents were associated with the majority of LRIs in both groups. It is unlikely, however, that the incidence of infection per se was different -that is, that the non-wheezing LRI illnesses were largely of a non-viral aetiology -since fever was equally prevalent in both groups. Moreover, the effects observed among children with nonwheezing LRIs were not dependent upon whether a virus was detected or upon the type of virus isolated. Most of the children with non-wheezing LRIs had diagnoses of laryngotracheobronchitis (or croup), and in most cases parents consulted physicians within 24 hours after the beginning of the condition. This urgency suggests that these children may have been more acutely ill than most of those who consulted for wheezing LRIs.
In a previous study using this same cohort we showed that most 
